
RESEARCH PROPOSAL 

Tit le: S tear ic Acid and Oleic Acid in the Diet and Blood Lipid Concentrat ions. 

(Experiment F F ) . 

Responsible Inves t iga tors : D r . Joseph T. Anderson, Dr . F r a nc i s c o Grande and 

Dr . Ancel Keys, Labora to ry of Physiological Hygiene, Univers i ty of Minnesota, 

Minneapolis . 

Location and_Dates of Resea rch P ro j ec t : Springdale Metabolic Unit, Far ibaul t 

State School and Hospi ta l . On September 8, 1965 the project staff will a s sume 

the food se rv ice for al l the pat ients who eat in Springdale . The count is about 

65 to 70 plus about 3 to take ca r e of the fact that 15 men eat at Springdale only 

weeks until December 14. 

Resea rch Object ives: In previous exper iments , diets in which cocoa butter was 

used produced lower s e r u m choles te ro l concentrat ions in the subjects than 

would be predic ted from the fatty acid composition of cocoa but ter . The data 

indicate s t rongly that s t e a r i c acid, although it is a sa tu ra ted fatty acid, is 

completely different from the other common sa tura ted fatty acids of food fats, 

such as palmit ic acid, with r e spec t to its se rum choles te ro l ra is ing power. 

The hypotheses to be tes ted in the proposed exper iment a r e : 

(1) That d ie ta ry s t e a r i c acid has a much lower s e r u m cholesterol 

r a i s ing effect than d ie ta ry palmit ic acid, and 

{?.) That the fatty acids of cocoa butter a r e the only constituents which 

have a significant effect on s e r u m lipid concent ra t ions . 

Staffing: The Far ibau l t State School and Hospital will continue to provide one 

food se rv ice pe r son as in the pas t . This person, if poss ib le , will work 

the r egu la r hours of one of the usual shifts, probably Sunday through Thursday 

from 10 A .M. to 6:30 P . M . Her duties will be integrated into the program of 
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the project and she wi l l , in m o s t r e s p e c t s , work under the superv is ion of the 

diet i t ian, the senior food s e r v i c e supervisor and the cook. As at p re sen t , 

about nine patient he lpe r s will be assigned to work in the food se rv ice unit, 

about 4 to 6 hours daily, 6 days per week. 

The Labora to ry of Physiological Hygiene, Univers i ty of Minnesota, will 

provide the following staff: 

Dietit ian, pa r t t ime , M r s . Carol Thera 

Senior Food Serv ice Superv i sor , M r s . F lorence DeCoux 

Cook, M r s . Gladys Neseth 

Food Service Worker , M r s . Mary Underdahl 

R e s e a r c h H e l p e r s , John Wilson and Steven Cripe 

Outline of P r o g r a m : The exper imenta l subjects will be 32 men chosen from 

the population of the Springdale unit who cus tomar i ly eat al l the i r mea l s at 

Springdale. The r e s t of the men served at Springdale will be given the same 

food as those in the specia l diet except that the port ions will not be weighed 

and the type of oils and fats used in the rec ipes will be chosen for convenience. 

The c r i t e r i a for acceptance as an exper imental subject will be age 35 or m o r e 

yea r s , re la t ive body weight (as percent of normal for height) between 80 and 

120%, freedom from metabol ic d i sease and from acute d i sease , and ability 

to eat food in a no rma l way and to refrain from taking food which is not 

intended for h im. The m e n will be divided into 4 matched groups on the bas is 

of age, re la t ive body weight and s e r u m choles terol level . 

The s tandard serv ing will be set at 2600 Cal . /day and adjustments above 

and below this will be made as requi red to keep each man ' s body weight constant. 
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The adjustments will be made chiefly by adding or deducting bread and jelly. 

The supplement will consist of 90 grams of fat or oil providing 810 Cal. daily. 

The remaining 1790 Cal. will be provided by the basic diet. This will be a 

mixture of ordinary foods making up the usual American diet pattern and 

containing all the needed protein, vitamins and minerals . The basic diet 

will contain about 25 grams daily of fat which will make the total fat in the 

2600 Cal. standard serving about 115 grams or 40% of ca lor ies . The diet will 

contain meat, poultry of fish twice daily, a 3 oz. portion at noon and a 1 oz, 

portion in the evening. Beef, pork cured ham, chicken, turkey, tuna and 

frozen fish fillets will be served. 

The schedule of diets is given in Table 1 and the composition of the oil 

mixtures is given in Table 2. 

TABLE 1 

Revised Schedule of Diets for Exp. FF (Sept. 10, 1965) 

Group Group Group Group 
-riod 

1 

2 

3 

4 

5 

Weeks 

1-2 

3 - 5 

6 - 8 

9-11 

12-14 

W 

Butter 

NPO 

IPO 

ICB 

NCB 

X 

Butter 

IPO 

NPO 

NCB 

ICB 

Y 

Butter 

NCB 

ICB 

IPO 

NPO 

2 

Butter 

ICB 

NCB 

NPO 

I P O 

Each s tandard daily serv ing will contain 90 grams of one of the oil mixtures or 
of butter fat. 

Key to abbreviat ions used in naming the oil m i x t u r e s : 
NPO = na tura l pa lm oil 
IPO = imitat ion pa lm oil 
NCB = natural cocoa butter 
ICB = imitat ion cocoa butter 
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Oil Mixtures for Exper iment FF 

Composition, g/100 g oil 

Mixture NPO 
P a l m Oil, 8-10-65 

Mixture IPO (Interester i f ied) 
THSBO, UEF-V-1933-177 
Olive Oil, 8-9-65 
Safflower Oil, 51 m 64 
Mixture 

Mixture NCB 
Cocoa But te r , 8-9-65 
Safflower Oil, 8-9-65 
Mixture 

Mixture I C 3 (Interester i f ied) 
Pa lm Oil, 8-10-65 
Olive Oil, 8-9-65 
THSBO, UEF-V-1933-177 
Safflower Oil 
Mixture 

Pe rcen t 
< 16:0 > 18:0 monoene polyene to be used 

in mix tu re 

46.2 6 . 3 36 .8 10.7 100.0% 

10.2 
9 . 8 
6 . 6 
9 . 8 

26 .4 
6 . 6 

25.2 

46. 
9 . 8 

10.2 
6 . 6 

25.2 

86.7 
3 .2 
3 . 4 

42.7 

35. 1 
3 . 4 

33.2 

6 . 3 
3 .2 

86.7 
3.4 

33.2 

3. 1 
75.6 
12.6 
36 .8 

35 .4 
12.6 
34.0 

36 .8 
75.6 

3. 1 
12.6 
34 .0 

11.4 
77 .4 
10.7 

3. 1 
77 .4 

7 .6 

10.7 
11.4 
- - - _ 

77.4 
7.6 

47 .3% 
45 .5 

7 . 2 
100.0 

94. 0% 
6. 0 

100.0 

42.0% 
23.0 
34.4 

0.6 
100.0 

Oil m i x t u r e s NPO and IPO a r e designed to have the g rea tes t possible 

difference between palmit ic acid (16:0) and s t ea r i c acid (18:0). The difference 

is 36. 4 g r a m s (as g lycer ides) per 100 g r a m s of oil . Judging by previous 

resu l t s this is a l a rge enough difference in palmit ic acid to produce a se rum 

choles tero l r e sponse of about 33 mg/100 ml under the assumption that s tea r ic 

acid has no effect at a l l . These two oil mix tures a r e equal in monoene and in 

polyene content. No s e r u m choles terol effect due to e i ther of these components 

will be caused by exchanging these o i l s . 



5. 

Oil m i x t u r e s N C 3 and ICB a r e equal in all 4 of the p a r a m e t e r s which 

a r e known to influence s e r u m choles terol concentrat ion, i . e . pa lmi t ic acid 

(16:0), s t ea r i c acid (18:0). monoene fatty ac ids and polyene fatty ac ids . They 

a r e expected to produce equal s e r u m choles terol concent ra t ions . If i n t e r 

changing these oi ls causes a change in s e r u m choles te ro l the inference is that 

cocoa but ter contains some special component, apar t f rom s t ea r i c acid, which 

has a powerful effect on s e r u m choles terol concentra t ion. Our hypothesis 

number two will be susta ined if the s e r u m choles terol concentrat ions of the 

men a r e equal when they a r e receiving oil mix tu res N C 3 and ICB. 

Fas t ing blood samples will be taken at the end of each diet per iod and 

the s e r u m will be analyzed for total choles terol and for t r i g lyce r ides . 

The se rv ings of food which contain the supplementary fat will be weighed 

for each man. Other se rv ings will be m e a s u r e d e i ther by weight or volume. 

The food re jec ted by each man at each mea l will be recorded by es t imat ing 

the fraction of the se rv ing re jec ted . By use of a computer p r o g r a m recent ly 

developed the values of food reject ion and of food adjustments will be t r a n s 

lated into mean deviations of nutr ients f rom the nut r ien ts of a s tandard serving, 

There will be a deviation value for each man, each nutr ient and each per iod. 

The actual composi t ion of the s tandard serving will be de te rmined by chemical 

analysis of 14-day composi tes of duplicate se rv ings , identical to the food given 

to a typical subject and by analys is of the oil m i x t u r e s . The actual mean 

consumption of ca lo r i e s by a specific man in a specific per iod will be obtained 

by adding (or subtract ing) the deviation of ca lor ies to the ca lor ies in the 

s tandard serving. Other nut r ients will be calculated in a s imi la r way. 
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Body weights of the men in night clothing will be m e a s u r e d weekly in the 

morning after ur inat ing and before breakfast . Constancy of body weight within 

3 kg. pe r 10 week period will be a c r i t e r ion of good pe r fo rmance . 

It is known that fats with high melt ing points tend to be poorly digestible 

and that long chain saturated fatty acids such as s t ea r i c acid tend to produce high 

melt ing, h a r d fa ts . The totally hydrogenated soybean oil (THSBO) incorpora ted 

into m i x t u r e s IPO and ICB is a m a t e r i a l ha rde r and higher melt ing than candle 

wax. Such fats a r e known to be poorly absorbed and to appear in the stool. 

Mixture IPO and to a l e s s e r degree mix ture ICB is r a t h e r high in s t ea r i c acid 

for good digest ibi l i ty. Fa t s a r e composed of t r ig lycer ide molecules each 

containing th ree fatty acid r e s idues at tached to one g lycerol r e s idue . Those 

molecules with 2 or 3 s t e a r i c acid res idues a r e the type which a r e high melting 

and tend to c rys ta l l i ze from a mix tu re of t r i g lyce r ides . Molecules which contain 

only one s t e a r i c acid res idue a r e lower melting pa r t i cu la r ly if the other fatty 

acid r e s idues in the same molecule a r e monounsaturated (monoene) or , bet ter 

yet, polyunsatura ted (polyene). 

Oil m i x t u r e s IPO and ICE, which contain la rge propor t ions of the totally 

hydrogenated soybean oil will be subjected to a p r o c e s s known as in te res te r i f i ca -

tion and a r e expected to be wel l digested and absorbed. In o rde r to have evi

dence on this point eight subjects will be chosen, 2 from each group, and stool 

samples will be collected from them during the 7 days before the blood sample 

for determinat ion of unabsorbed fat. Each subject f rom whom stools are 

collected will be given weighed tablets containing insoluble chromium oxide, 
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3 pe r day, one with each mea l 7 days before the f i r s t stool collection day and 

continuing without in ter rupt ion to the end of the exper iment . The g rea t e s t 

possible ca r e will be taken to insure that each of these men actual ly swallows 

the 3 tablets daily. By this method it will be poss ib le to calculate an accura t e 

value for fat excret ion even though the subjects m a y fail to save al l the s too l s . 

The stools pas sed in seven days will be combined and homogenized with the 

addition of wate r . This homogenate will be weighed and samples will be 

analysed for ch romium and for fat. F r o m the ch romium found the effective 

duration of the collection per iod will be calculated. In this way the fat 

excret ion per day will be obta ined . 



RESEARCH PROPOSAL: Addendum, September 10, 1965 

Ti t le : Stear ic Acid and Oleic Acid in the Diet and Blood Lipid Concentra t ions . 
(Experiment F F ) 

On September 9, the feeding of the specia l diet was s t a r t ed . The 32 patients 
who were se lected as exper imenta l subjects were seated in o rde r of ass igned 
number in the nor th end of the dining room and the r ema inde r of the pat ients 
filled the r e s t of the p l a c e s . E v e r y man had a t r a y with his name on an embossed 
plast ic s t r i p label . E v e r y man got the same food with but ter added. The quantity 
of bread and je l ly was adjusted for each man based on previous r e c o r d s of 
r e q u i r e m e n t s . The only obvious difference between the subjects and the non-
subjects was the fac t that the subjects sat in the north end of the room and the 
non-subjects in the south end. L e s s obvious differences were the facts that the 
name s t r ip for each subject contained a number (from 1 to 8) and the s t r ips 
were red , yellow, blue or g reen . F o r the non-subjects the n a m e - s t r i p s were 
gold in color and lacked a number . 

After the m e a l some of the non-subjects complained that they did not like 
the diet because the re was no but ter for the bread and no gravy for the potatoes . 
(The f i rs t idea was t r u e , the second was anticipation based on previous exper ience . ) 

Severa l staff m e m b e r s made suggestions for el iminat ing the discontent among 
the pa t ien ts . After cons iderable discuss ion a decision was reached to t r e a t all 
the patients as if they were subjects and to te l l the pat ients (and the i r re la t ives) 
that al l of them a r e sub jec t s . In o rde r to accompl ish this the seat ing a r r angemen t 
in the dining room will be changed so as to i n t e r spe r se non-subjects with subjects . 
Blood samples will be taken f rom both groups a l ike . Body weighing and adjustment 
of the quantity of b read and je l ly will be c a r r i e d out with a l l . Recording of food 
rejected and coaching with r e s p e c t to proper eating and cleaning up the plate will 
be impar t ia l ly c a r r i e d out for a l l the pa t ien ts . 

These changes in p rocedure will , it is hoped, overcome mos t of the d i s sa t i s 
faction of the pa t i en t s . 

Joseph T. Anderson 


